ABSTRACT Aim: This study assessed the cost consciousness of nurses and physicians in German neonatal intensive care units (NICUs) and identified factors affecting cost consciousness.
INTRODUCTION
A rising incidence of premature birth in Western countries (1) and costly medical innovations have contributed to continuing increases in healthcare costs (2) . The current rate of premature deliveries in Germany is 9.4% and has also risen continually since the 1980s (3) . Not surprisingly, this finding has been reported repeatedly in studies conducted in neonatal intensive care units (NICUs) in England and Wales (4) and in the United States (5) .
Premature babies were responsible for 47% of all paediatric costs in the United States, although they only make up 8% of all hospitalisations of children under the age of 18 years (6) . This highlights the importance of cost consciousness in neonatology. Research into the economic impact of isolated conditions related to prematurity is complicated, because NICU patients tend to have multiple coexisting conditions (7) . Such models for patient subgroups, such as patients with mild to moderate bronchopulmonary dysplasia (7) or strictly defined conditions, such as retinopathy of prematurity (8) , have revealed not only the high economic impact of prematurity in the first year of life, but have also underlined the importance of long-term impact assessment. Neonatal intensive care may be expensive (9) , but if performed professionally, then NICU patients and their families will have significant gains in healthrelated quality of life in the long term (10) .
In general, treating physicians are involved in 80% of costrelevant decisions (11) , and therefore, their role in supporting cost control is crucial. The consideration of comparable Abbreviation NICU, Neonatal intensive care unit.
Key notes
Cost consciousness is an important topic in neonatology, a medical speciality where the tension between economics and patient benefit is extremely high. Our study aimed to identify the current state of employee cost consciousness in German neonatal intensive care units (NICUs) A moderate cost consciousness influenced by gender, professional group, longer total clinical work experience and a decreased number of NICU intensive care beds was found.
alternative treatments, their costs and chances for success, which can be contrary, places cost pressure on the treating physician (2) , especially in neonatology, where preterm birth is a challenge that has medical, economic, emotional and social impacts (6) . Cost consciousness, defined as the amount of attention paid to cost and an individual's perceived responsibility to keep cost under control (12) , is therefore an important topic in medical care. A study revealed that 70% of German and American internal medicine specialists reported the importance of costs in their daily medical life (13) . Similar results were found by Bovier et al. (14) , who consulted physicians with different specialities and found that 90% included cost-conscious behaviour among their responsibilities. A survey of leading physicians in intensive care units in Germany demonstrated that rationing could be the consequence of cost-conscious behaviour in an intensive care setting (15) . Rationing is defined as the withholding of potentially useful measures because of costs (16) , resulting in ethical and legal conflicts. Further, 78% of the participating physicians in a survey conducted among the staff of intensive care units in Germany reported treatment omissions or the use of cheaper and sometimes less effective alternatives because of cost concerns (17) , although there is no evidence to prove this. In contrast and although the structure and sources of NICU costs are more or less known and could be communicated in the workplace (9), a survey of NICU physicians in the United States revealed that only 37% of physicians reported making cost-conscious decisions (12) . As costs result not only from medical decisions but also from daily medical routines, this issue is of growing importance in nursing care. The cost of consumables can add up, even if the costs of individual items are not that high.
Nurse forecasting in Europe (RN4CAST) was a survey of nurses in European countries that focused on the quality of care in hospitals. It revealed that 92.6% of recruited nurses in Germany had neglected at least one of 13 requested tasks in the last seven days, such as talking to patients (16) . This was mainly due to a lack of time caused by inappropriate staffing due to costs (16) and a lack of qualified personnel.
The study by Wei et al. (12) is the only other published work which examined physicians cost consciousness in the NICU setting. To our knowledge, there are no studies within the NICU setting that focus on the cost consciousness of nurses and physicians. One aim of our survey was therefore to focus on this important but underexplored topic. Our study also aimed to identify individual and organisational factors that affect cost consciousness and differences in attitude towards cost consciousness between physicians and nurses were reported.
METHODS

Study design and data collection
The study of cost consciousness was part of the German Safety4NICU study, which was conducted from 2015 to 2016. All 224 German level-of-care I and II NICUs were invited to take part in the survey via a cover letter addressed to the leading physicians and nurses. A Level I NICU ward has the highest requirements and differs from Level II NICU wards in specialisation, staff and facilities -for example, a Level I facility contains a minimum of six intensive care beds versus four in a Level II facility (18) . Newborn infants with a birthweight under 1.250 g, gestation under 29 weeks and high-risk pregnancies require treatment in a Level I NICU ward (18) . The 224 NICUs were identified by public reports and web-based search. In case of the consent of the leading staff, paper questionnaires were sent to the hospitals. The survey of the team members was anonymous and so no further separate consent was required. A total of 1406 nurses and 496 physicians from 84 NICUs volunteered to take part. The socio-demographic characteristics of the staff, including age, gender, total years of work experience and organisational characteristics, such as hospital size, number of NICU intensive care beds, type of hospital ownership, the NICU level of care and teaching status of the hospital, were collected through questionnaires. Data protection was implemented through a separate data custodian. For a nonresponder analysis, information about hospital size, type of hospital ownership, the NICU level of care and teaching status was collected for 209 of the hospitals from their publicly reported quality reports for a nonresponder analysis. The study was registered at clinical trials Germany (DRKS) DRKS00007724 and approved by the Ethics Committee of the University of Cologne, Germany.
Measuring tool
Cost consciousness was measured using the translated and adapted scale by Goold et al. (19) . A seven-point Likert scale using one for totally agree and seven for totally disagree was used to score the six items of the instrument. The original survey was designed to target only physicians, querying cost consciousness regarding tests and procedures. We slightly adapted the original survey items to address nursing staff. Tests and procedures were replaced by consumables and resource consumption. In particular, we examined whether the NICU staff believed that cost management was one of their responsibilities and whether they felt there might be too much focus on costs. Furthermore, the survey addressed whether or not the NICU staff should play a more prominent role in the restriction of unnecessary costs. Finally, we asked whether the prioritisation of patient welfare and cost consciousness performance was fair and whether the workload affects the NICU staff cost-conscious performance. See Table 3 for the exact wording of the items.
Data analysis
After reversing negatively worded items (2,4-6) we measured internal consistency. Therefore, a summary score comprising items one to six was computed. Internal consistency (Cronbach's alpha) was low (0.62) and therefore slightly below the internal consistency of Goold et al. (19) . The internal consistency increased to 0.72 when only items four and six were used. A summary score comprising items four and six was computed for each individual as a measurement of cost consciousness. This variable could be calculated for 1878 (98.7%) of the respondents. To define the level of cost consciousness, the aggregated measure of all items was used to calculate the average.
As disparities between individual NICU physicians and nurses could have been the result of the differences between hospitals, we implemented a multilevel model. The intraclass correlation coefficient (ICC) calculated for the null model was between 0.01 and 0.02, depending on the variables of Models One and Two. The influence of the hospital was therefore estimated to be so small that the implementation of a multilevel analysis was abandoned.
The effects of socio-demographic and organisational factors on the individual perceptions of cost consciousness were assessed via linear regression analysis. A logistic regression model was performed but discarded as the explained variability with R 2 = 0.045 for Model One and R 2 = 0.02 for Model Two was inferior to that of the linear regression model. For Model One, we used the first variable as a single item, as this item symbolises the classical sense of cost consciousness in the most suitable way, and for Model Two, we used items four and six as an aggregated measure, as only the textual contexts of items four and six were similar enough to do so. This is supported by the Cronbach's alpha we have found. The difference of cost consciousness between physicians and nurses was also examined, with the level of significance set at a = 0.05. There was a mixture of trainees and consultant neonatologists, and therefore, we calculated an additional linear regression model only for physicians, adding the physician's position. A test of multicollinearity was conducted for all regression analyses. If the descriptive analysis result was 1-3, this was considered approval. If 5-7 were the result this was considered as denial -accordingly reversed with the inverted items. The analysis was performed using Stata 12 (StataCorp, College Station, TX, USA).
RESULTS
Sample description
In total, 86 (38.4%) of 224 NICUs in Germany, were involved in our study. Responses were received from 496 physicians (63.9% female) and 1406 nurses (97.3% female) from 84 NICUs. This is a response rate of 55.1% for the physicians and 51.7% for the nurses for these 84 NICUs. Descriptive variables for age, sex and work experience can be found in Table 1 . Three types of hospital ownership were reported: 38.1% (n = 32) not-for-profit, 54.8% (n = 46) public and 6% (n = 5) private hospitals. Teaching hospitals made up the majority of NICUs, with 73.8% (n = 62), as for all addressed hospitals (78.5%, n = 164). University hospitals comprised 19.1% (n = 16). Most of the NICUs, 85.7% (n = 72), provided a Level I type of neonatal care (Table 2) . Information for the nonresponder analysis can be found in Table 1 .
Cost consciousness Descriptive statistics
Nearly two-thirds of the NICU physicians (62.5%) and nurses who responded (64.4%) agreed that they shared (Table 3 and Fig. 1A/B) . The level of cost consciousness was measured as 4.47. (Table 4) .
DISCUSSION
Neonatal intensive care is expensive but can have a substantial positive long-term economic impact on society and patient quality of life when performed professionally and oriented towards the secondary prevention of morbidities. Next to professionalism, the cost consciousness of nurses and physicians in NICUs could significantly affect the cost-effectiveness of neonatal intensive care. Due to market competition and higher profitability pressures, the consideration of cost is gaining more and more importance in everyday practice in hospitals; however, there is little empirical research examining the cost consciousness of nurses and physicians in neonatal intensive care settings. As these professionals make routine decisions regarding the use of resources and equipment, their behaviour should directly affect NICU and hospital costs and quality (9) . Our study therefore aimed to identify the current state of employee cost consciousness in German Level I and Level II NICUs, facilities where high costs are often faced. We also aimed to reveal the factors on individual and organisational levels that contribute to higher cost consciousness. We identified a moderate level of cost consciousness (4.47) among NICU physicians and nurses, with the majority of respondents reporting shared responsibility for cost containment. This is an important finding in neonatology, a healthcare speciality where high costs are associated with diagnostics and the treatment of comorbidities (1). The first model revealed the effect of clinical work experience. No significant effect of other studied factors was found, raising the question of whether cost consciousness was affected at all. The results seem to be inhomogeneous regarding the attitudes of physicians and nurses towards responsibility for healthcare costs, even though 62.5% of the physicians and 64.4% of the nurses agreed they should consider costs as part of their field of responsibility. The finding, however, reveals an important minority who disagreed. Additionally, still 28.2% of the physicians and 37.8% of the nurses agreed that there is too much stress on the costs of tests and procedures/consumables. This seeming dichotomy in the results may suggest the tensions in professional roles regarding the care for individual patient welfare and for society as a whole (20) , raising the question of whether high cost consciousness is even desirable among the whole staff. How far should the physician's obligation to advocate for the individual patient go? The deeply rooted norms of the physician-patient relationship, written in the Hippocratic Oath, require actions only for the patients' benefit (21) . In fact, acting according to this oath alone is not possible when facing pressure to reduce costs in daily medical life and thinking about the fair distribution of medical resources. The German Social Code Book SGB V defines the principles of treatment decisions: 'Treatments must be adequate, fit for purpose and economically efficient; they must not exceed the dimension of the necessary' (22, 23) . Certainly, this is not a justification for rationing medical care in favour of cost containment, but it certainly forms the basis for involving costs in treatment decisions.
Wei et al. (12) found that increased cost consciousness in a NICU setting was associated with working in the private sector and further training about costs. Higher cost consciousness among Swiss physicians in various medical disciplines was found in cases of higher job satisfaction, a lower number of patients per week and whether the physicians worked in the public instead of the private sector (14) . Several studies revealed an association between working in the public sector and higher cost consciousness (12, 14, 20, 24) . It is possible that a doctor's sensitivity to healthcare costs is increased by working in a public hospital (14) . In contrast, the association between higher cost consciousness and the private sector was only identified in the NICU setting, suggesting that the medical discipline of neonatology might be a factor (12). We did not observe an association between type of hospital ownership and cost consciousness in our study, but the small number of private NICUs included in the study does not allow us to draw any conclusions. Their percentage is also, as the nonresponder analysis showed, not representative of German NICUs in general.
Despite its importance, cost consciousness training is not well practiced in Germany (13) . According to Cooke, costconscious behaviour has been neglected in the training of physicians and nurses (25) and this can lead to a lack of knowledge about the cost of tests or consumable items (26) . An extensive meta-analysis showed that different kinds of training may affect cost consciousness in real life (27) . Ideally, such training should include health economics, precise costs of health services, evidence-based decisionmaking and patient involvement in decision-making, the opportunity for self-reflection and feedback (27) . Training should be conducted in a supportive environment, which should include role models and unlimited access to resources and workload at the macro level (27) . Indeed, 94% of the interviewed internists reported that costs associated with initial and further training should be more important (13) . The low Cronbach's alpha of the item scale was not surprising, considering the contextual disparity of the surveyed items. A Swiss survey which used the same items and summarised them in one model showed a Cronbach's alpha of 0.68 (14) , slightly higher than the one we computed (a = 0.62). This difference could be due to the unequal setting, as costs are more secondary in an intensive care setting in contrast to a routine setting, where cost reserves could be optimised. None of them reached the Cronbach's alpha value of the original scale by Goold et al. (19) . Items four and six were similar enough contextually to build an aggregated measure. Gender, professional group and the number of NICU beds were found to be influencing factors in Model Two.
We explored whether physicians feel they have a greater responsibility to consider costs than nurses, despite already being responsible for their workload and for patient welfare. A possible explanation could be the disparity of costs arising through tests and procedures performed by physicians and medical supplies used in nursing, with the latter being much lower. In this context, it should be noted that the high cost of nursing NICU care is related primarily to an increased number of employees and not to nursing supplies (16) .
Alternative clinical management strategies, including intensive secondary prevention, can be cost-effective for prematurity-associated conditions, such as retinopathy and bronchopulmonary dysplasia, and have a significant longterm economic impact (7, 8) . Similarly, the Baby Care programme provides an approach to cost reduction in neonatology and thereby decreases cost pressure (3) . The approach suggests stepping in before costs emerge using preventative techniques to lower the premature birth rate (3). This is achieved by giving pregnant women information about general and individual risks and following conduct recommendations (28) . There is a potential saving of 129 million Euros per year, although there is a dispute as to whether prevention programmes like this can reach the estimated saving potential in real life (3) .
Improvements in cooperation quality at the NICUs themselves may have economic implications and might be another approach. Collaborative quality improvement efforts have been found to effect costs in NICUs (29) . Costs significantly decreased with interventions which included forming multidisciplinary teams and giving quality improvement instructions (29) .
In 2011, the Choosing Wisely campaign in the United States attempted to facilitate public debate about the waste of resources in health care (11) . The 'Gemeinsam Klug Entscheiden' campaign, which is the German adaption of the 'choosing wisely' campaign, shared this mission in Germany, aimed at the preparation of interdisciplinary recommendations with a scientific basis regarding the provision of unnecessary or even harmful medical services (30) . This could be an orientation for the individual physician or nurse, so they are not left alone with their cost consideration. Even if there are ethical guidelines for cost consideration and maybe even rationing to reduce variability in decisions, the choice always depends on the individual judgement affected by personal values or the disparity of adequacy in training. What do patients think about individual decisions? Surveys of German citizens found a desire for medical decisions made by physicians, patient organisations or ethics committees, rather than by politicians or sickness funds, if rationing is unavoidable (22) . The majority approved unlimited funding for healthcare services, if required, paid for by the state through, for example, increased taxation (22) .
Several limitations may reduce the validity of our results. First, nonresponse and selection bias are a threat to validity, as the recruitment of the NICUs was voluntary and not all physicians or nurses in the recruited NICUs responded to the survey. The recruitment of only a few private NICUs may have affected our lack of success in reproducing a significant effect due to the type of hospital ownership. The other hospital characteristics investigated were quite similar to the responding NICUs in the nonresponder analysis. Only the number of university hospitals (19.1% > 12.5%) and Level I stations (85.7% > 72.3%) was slightly higher in our survey than in the real distribution. The survey reflected respondent opinions but may not have reflected their real-life actions. Respondents may also, consciously or unconsciously, have distorted the truth, to meet supposed expectations. Issues regarding the internal consistency of the surveys we used cannot be ruled out. The instrument hasn't been validated but has used by various studies before (14, 20) . To obtain a higher internal consistency, we built an aggregated measure of only two items, rather than all of them and thereby received an increased Cronbach's alpha of 0.72.
CONCLUSIONS
We found a moderate level of cost consciousness among NICU physicians and nurses, with the majority of respondents reporting shared responsibility for cost containment. Gender, professional group, number of NICU intensive care beds and work experience seem to have an effect on cost consciousness, but no significant impact of hospital characteristics could be observed. It seems that physicians and nurses consider costs only to a certain extent in the NICU setting, as the tension between economics and the benefit of the patient is extremely high in this medical speciality.
